where D*i is the dimensionless diameter of vapor -liquid interface. rmax F is the well-known CHF recommended by Zuber (18) for infinite flat plates and is given by the following equation :
which, except for the coefficient , is identical to Eq. The proportional constant B increases generally with increasing heater diameter in the range of the present heater diameter . Fairly good agreement is observed between the present data and both correlations within the spread range of data.
3. Film-boiling Heat Transfer Film boiling as a cooling process has not had wide commercial applications because of the high surface temperatures.
In cryogenic systems, however, a knowledge of film boiling is particularly important since the extremely large temperature difference between a equipment surface and a cryogenic liquid often causes film boiling during cooling down from the room temperature. 
where NuD=hD/kv,
Ra*D=D3rv"(rl-rv)gCpv/(kvmv),
t'=hfg/(CpvDT 3)+0.4.
Here They also found that, depending on the value of the dimensionless ratio lc/D, the boiling characteristics for a horizontal heater fell into three different regimes. However, they succeeded in correlating the data in all three by the equation (14) suggested by Bromley. The Bromley's model is not applicable for this physical situation. In the higher DTs region wave motion or turbulent flow is further observed, especially due to the intermittent release of bubbles from the vapor film, which is not considered in Bromley's model where the vapor-liquid interface is assumed to be completely smooth, i. e. no capillary nor standing waves existing. Figure 7 shows the generalized plots of film-boiling heat transfer data in the dimensionless form.
The abscissa is lc/ D and the ordinate Nulc/(Ra*lct")1/4. The figure contains other experimental results (19) (20)(28) 
Minimum Heat Flux
The transition from film boiling to nucleate boiling occurs at a heat flux known as the minimum heat flux q ruin (see Fig. 2 ). The minimum heat flux is normally of lesser im- proximately 90 Hz which was determined from the photographic records taken by the high-speed camera. In film boiling, however, a film of vapor is always formed on the heating wire, as shown in Photo. 1 (b). Waves are observed along the top of the wire, and the crest-to-crest average distance for the waves on the top of the wire is 7.2 mm, a value close to the critical wavelength lc=6. 6 mm. Larger bubbles of 3.6 mm in average diameter are released from the top of the wire. A decrease of heat flux produces a partial film boiling where film boiling and nucleate boiling exist simultaneously along the heating wire, as shown in Photo. 1 (c).
From the above-mentioned observations, vapor bubbles or vapor films in liquid nitrogen are found to behave quite similarly to those in noncryogens. Figure 9 shows the effect of changes in heat flux q on the number of nucleation sites per unit area of the heating surface n, the frequency of bubble formation f and the diameter of departing bubble d0 for the wire diameter of 0.5 and 1.0 mm. With the rise in heat flux the number of nucleation sites and the bubble diameter increase in the nucleateboiling regime, and film boiling produces much larger bubbles. In this figure are also shown the theoretical values of Fritz (24) The microcharacteristics have often been used in deriving heat transfer correlations for saturated nucleate boiling*. Several correlations are based on one or more (simultaneous) contributions of the following mechanisms :
(1) Transient conduction to the relatively cold (saturated) liquid that comes into the space vacated by the departure of the bubble.
(2) Evaporation of a liquid microlayer at the base of a growing bubble. 
where Gb=(p/6)d30rvfn, the average mass velocity of vapor receding from the heating surface.
He also defined the Nusselt number in Eq. (21) by the equation qnb=2(pkl rlCpl f)1/2 d20 nDTs.
(25) Figure 10 shows a comparison of measured total heat flux q with nucleate-boiling heat flux qnb predicted by Eqs . (24) and (25) . In the calculation of qnb, the measured values were applied to f, d0, n and DTs. The solid line indicates a relation qne=q .
The measured values of q are much higher than the predicted values of qnb by Rohsenow's correlation, but agree well with the correlation of Mikic & Rohsenow. This means that the transient conduction to the relatively cold (saturated) liquid, which comes into the space vacated by the departure of the bubble, is dominant in the high heat transfer rates associated with nucleate boiling. [NOMENCLATURE]
A: Proportionality constant in Eq. 
